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PHWRGRORJtD EDVDGD HQ DJHQWHV FRQ HOPRGHODGR WUDGLFLRQDO EDVDGR HQ XQ VLVWHPDGH('2 6H UHDOL]D XQD VLPXODFLyQ FRQ FDGD











(Q HVWH WUDEDMR VH SURSRQH XQ QXHYR HQIRTXH HQ HO
PRGHODGR GH VLVWHPDV ELROyJLFRV GLQiPLFRV FRQ YDULDEOHV
FXDQWLILFDGDV GLVFUHWDV (VWRV PRGHORV GLQiPLFRV VH DMXVWDQ
SULQFLSDOPHQWH D XQD JUDQ FDQWLGDG GH VLVWHPDV GH WLSR
ELROyJLFR \ ILVLROyJLFR FRPR HO PRGHODGR GH SREODFLRQHV






GHVWDFDGDV HVWiQ ODV HFXDFLRQHV GLIHUHQFLDOHV RUGLQDULDV
('2 ODV HFXDFLRQHV HQ GHULYDGDV SDUFLDOHV \ PRGHORV




(Q HVWH WUDEDMR VH SODQWHD XQ QXHYR HQIRTXH SDUD HO
PRGHODGR GH HVWRV VLVWHPDV EDVDGR HQ XQ 6LVWHPD0XOWL
$JHQWH 60$ \ VH H[SRQH XQD PHWRGRORJtD SDUD




UHVXOWDGRV REWHQLGRV FRQ HVWRV GRV PRGHODGRV 60$ \
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/DSUREOHPiWLFDGHOPRGHODGRFRQHFXDFLRQHV
GLIHUHQFLDOHV
([LVWH XQD DPSOLD ELEOLRJUDItD TXH WUDWD HO WHPD GHO
PRGHODGRGHVLVWHPDVELROyJLFRVGLQiPLFRVFRQHFXDFLRQHV
GLIHUHQFLDOHV (Q %DVVH DQG8EH]LR  VHPRGHOD XQ
VLVWHPDGHHFXDFLRQHVHQGHULYDGDVSDUFLDOHVTXHJRELHUQD
OD FLQpWLFD GH XQD SREODFLyQ GH FpOXODV \ OD GHQVLGDG GH
pVWDVHQGHWHUPLQDGDVIDVHVGHOFLFORGHODGLYLVLyQFHOXODU
(Q 6SHQFHU HW DO   VH DQDOL]D XQPRGHOR GH ('2
TXHH[SORUDHOHTXLOLEULRHQWUHODDQJLRJpQHVLVODVWDVDVGH
PXHUWH FHOXODU ODV PXWDFLRQHV JHQpWLFDV \ ODV WDVDV GH
UHSURGXFFLyQHQHOGHVDUUROORGHOFiQFHU2WURVPRGHODGRV
PDWHPiWLFRV GH FpOXODV WXPRUDOHV FRQ HFXDFLRQHV
GLIHUHQFLDOHV SXHGHQ FRQVXOWDUVH HQ 1DJ\ 
%XQLPRYLFK0HQGUD]LWVN\ HW DO  6]\PDQVND HW DO


([LVWHQ XQD VHULH GH IDFWRUHV TXH KDFHQ TXH ODV
HFXDFLRQHVGLIHUHQFLDOHVQRVHPXHVWUHQORVXILFLHQWHPHQWH
DGHFXDGDVSDUDPRGHODUHVWHWLSRGHVLVWHPDV
• 8Q PRGHOR EDVDGR HQ HFXDFLRQHV GLIHUHQFLDOHV
GHVFULEH HO VLVWHPD GH IRUPD GHWHUPLQLVWD PHGLDQWH
YDORUHVSURPHGLRGHODVYDULDEOHVGHHVWDGR(OPRGHOR
VyOR FRQVLGHUD HO FRPSRUWDPLHQWRPHGLR GH WRGRV ORV
LQGLYLGXRV VLQ WHQHU HQ FXHQWD OD YDULDQ]D GH OD
SREODFLyQNVHQGDO
• (Q HO PRGHODGR GH SREODFLRQHV \ GH HQIHUPHGDGHV
HSLGHPLROyJLFDV H[LVWH XQD DOHDWRULHGDG H[SOLFDGD HQ
SDUWHSRUHOIHQyPHQRItVLFRGHOHIHFWRGHOPRYLPLHQWR
EURZQLDQR /HZLV DQG 3XOq  3RU HMHPSOR ODV
SREODFLRQHV GH EDFWHULDV *XDQJODL HW DO  \ GH
DQLPDOHV +RUQH HW DO  HVWiQ LQIOXLGRV
IXHUWHPHQWHSRUHVWHHIHFWR'HKHFKR ODGLVWULEXFLyQ
HVSDFLDO GH ORV HOHPHQWRV TXH FRQIRUPDQ HO PRGHOR
LQIOX\H QRWDEOHPHQWH HQ VX HYROXFLyQ FXHVWLyQ pVWD
TXH QR VH FRQWHPSOD IiFLOPHQWH HQ ODV HFXDFLRQHV
GLIHUHQFLDOHV RUGLQDULDV \ TXH VH SXHGH SODQWHDU FRQ
QDWXUDOLGDGHQQXHVWURHQIRTXH
• /DV HFXDFLRQHV GLIHUHQFLDOHV RUGLQDULDV VRQ
GHWHUPLQLVWDVSRUWDQWRSDUDXQDVPLVPDVFRQGLFLRQHV
LQLFLDOHV OD VROXFLyQ VLHPSUH HV OD PLVPD $JDUZDO
DQG2
5HJDQ
• ([LVWH OD SRVLELOLGDGGHTXH HQ XQ LQVWDQWH GH WLHPSR
DOJXQD YDULDEOH GH HVWDGR GHO PRGHOR GH ('2 Gp XQ
UHVXOWDGR QHJDWLYR 6L VH PRGHOD SREODFLRQHV R
HQIHUPHGDGHV HSLGHPLROyJLFDV HVWD VLWXDFLyQ QR HV
FRUUHFWD \D TXH QR WLHQH VHQWLGR TXH OD FDQWLGDG GH
FpOXODV TXH H[LVWHQ HQ XQ PRPHQWR GHWHUPLQDGR VHD
QHJDWLYD
• 8QVLVWHPDGH('2XVDODVYDULDEOHVGHHVWDGRGHQWUR
GHO UDQJR GH ORV Q~PHURV UHDOHV 0RGHODU GH HVWD
PDQHUD SREODFLRQHV R HQIHUPHGDGHV HSLGHPLROyJLFDV
QR HV UHDOLVWD SRUTXH ODV YDULDEOHV GLQiPLFDV VRQ
GLVFUHWDV 3RU HMHPSOR VL PRGHODPRV SREODFLRQHV GH




\ SUHVHQWHQ XQ HOHYDGR Q~PHUR GH SDUiPHWURV TXH
GHEHQVHUFDOFXODGRVRDMXVWDGRV/D LGHQWLILFDFLyQGH
ORV YDORUHV GH HVWRV SDUiPHWURV QR UHVXOWD VHQFLOOD GH
UHDOL]DUHQJHQHUDO
7UDEDMRVUHODFLRQDGRV
&RPR VH KD H[SOLFDGR H[LVWH DPSOLD ELEOLRJUDItD TXH
WUDWD HO PRGHODGR GH VLVWHPDV ELROyJLFRV FRQ ('2 SHUR




$OJXQRV WUDEDMRV SURSRQHQ PRGHORV KtEULGRV GH
VLPXODFLyQ HQ ORV TXH XWLOL]DQ GH IRUPD FRPELQDGD
VLVWHPDV EDVDGRV HQ DJHQWHV \ HFXDFLRQHV GLIHUHQFLDOHV
*XRHWDO%DQHUMHHDQG0RVHV

/D QRYHGDG GH HVWH WUDEDMR UHVLGH HQ OD GLVHxR GH XQD
PHWRGRORJtD JHQHUDO SDUD WUDQVIRUPDU XQ VLVWHPD GH('2
HQ XQ 60$ HTXLYDOHQWH \ HQ OD FRPSDUDFLyQ GH ORV GRV
PRGHORV PHGLDQWH XQ FDVR SUiFWLFR EDVDGR HQ XQ PRGHOR
PDWHPiWLFR GH /HXFHPLD 0LHORLGH &UyQLFD (O PRGHOR
60$SURSXHVWR SHUPLWH GHVFULELU HQ WpUPLQRV HVWDGtVWLFRV








FRQVLGHUD SDUD VLPSOLILFDU HO GHVDUUROOR TXH WRGDV ODV
HFXDFLRQHVGLIHUHQFLDOHVVRQ('2GHSULPHURUGHQ

(Q SULPHU OXJDU DVXPLPRV TXH VH SDUWH GH XQPRGHOR
FRQ XQ VLVWHPD GH XQD R YDULDV ('2V TXH GHVFULEHQ
FRUUHFWDPHQWH HO FRPSRUWDPLHQWR PHGLR GH XQ VLVWHPD
ELROyJLFRFRQYDULDEOHVFXDQWLILFDGDVGLVFUHWDV

( )     SDUD  L L QG[ I [ [ [ W L QGW = = 

$ SDUWLU GH HVWHPRGHOR GH HFXDFLRQHV GLIHUHQFLDOHV VH
FRQVWUX\H XQ 60$ 8Q 60$ HV XQ VLVWHPD GH P~OWLSOHV





FRPSRUWDPLHQWR GH XQPRGHOR FRQ('2V HVWi FRPSXHVWR
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SRU WUHVHOHPHQWRV ORVDJHQWHVHOHQWRUQR\ ODVGLIHUHQWHV




8Q DJHQWH HV XQD HQWLGDG GH VRIWZDUH VLWXDGR HQ XQ
HQWRUQRYLUWXDOFDSD]GHDFWXDUFRPXQLFDUVH UHSURGXFLUVH
\ HQ JHQHUDO WHQHU XQ FRPSRUWDPLHQWR DXWyQRPR 8Q
DJHQWH HQ IXQFLyQ GH ODV SHUFHSFLRQHV \ GH VXV UHFXUVRV
LQWHUDFFLRQD FRQ HO HQWRUQR \ FRQ RWURV DJHQWHV )HUEHU


(Q OD ILJXUD  SXHGH YHUVH HO HVTXHPD TXH VLJXH XQ






















3DUD WUDQVIRUPDU HO VLVWHPD GH('2 HQ XQ60$ FDGD




(Q IXQFLyQ GH ODV SHUFHSFLRQHV FDGD DJHQWH WRPD XQDV
GHFLVLRQHV (VWDV GHFLVLRQHV VH WRPDQ HQ IXQFLyQ GH ODV
SUREDELOLGDGHV GH VXV PiTXLQDV GH HVWDGRV LQWHUQD TXH
SXHGHWHQHURQRPHPRULD3DUXQDNDQG%UXHFNQHU




SUREDELOLGDGHV GH WUDQVLFLyQ HQWUH ORV HVWDGRV /DV
PiTXLQDV GH HVWDGRV VRQ GHSHQGLHQWHV GHO Q~PHUR GH
DJHQWHVGHFDGDHVSHFLH\GHO WLHPSR(VWDVGRVPiTXLQDV
GH HVWDGRV VRQ GHQRPLQDGDV µ9LYLU0RULU¶ \ µ5HSURGXFLU
$ERUWDU¶





/DPiTXLQD GH HVWDGRV µ9LYLU0RULU¶ HVWi GHILQLGD SRU
GRVHVWDGRVµ9LYR¶\µ0XHUWR¶
• 6LXQDJHQWHSDVDDXQHVWDGRµ0XHUWR¶HVWHDJHQWHVH
HOLPLQD \ GHVDSDUHFH /D SUREDELOLGDG GH TXH XQ
DJHQWH GH OD HVSHFLH µL¶ SDVH DO HVWDGR µ0XHUWR¶ VH
UHSUHVHQWDSRUµ3LP¶





  SDUD  L Y L P3 3 L Q= − = 

(Q OD ILJXUD  SXHGH YHUVH ORV GRV HVWDGRV \ ODV







/D VHJXQGD PiTXLQD GH HVWDGRV µ5HSURGXFLU$ERUWDU¶
WLHQHGRVHVWDGRVµ5HSURGXFH¶\µ$ERUWR¶
• 8QDJHQWHSXHGHJHQHUDUDSDUWLUGHVtPLVPRXQQXHYR





DJHQWH GH OD HVSHFLH µL¶ HVWp HQ HO HVWDGR µ$ERUWR¶ VH
UHSUHVHQWDSRUµ3LD¶\VHFDOFXODFRPR

  SDUD  L D L U3 3 L Q= − = 
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$FFLRQHV
/DV DFFLRQHV UHSUHVHQWDQ ODV GHFLVLRQHV TXH WRPD XQ
DJHQWH EDViQGRVH HQ HO HVWDGR HQ HO TXH VH HQFXHQWUD (O
FDVR PiV VLPSOH OR FRPSRQH XQ DJHQWH TXH UHDOL]D ODV






6L XQ DJHQWH SHUPDQHFH HQ HO HVWDGR µ9LYR¶ GH OD
PiTXLQD GH HVWDGRV µ9LYLU0RULU¶ UHDOL]D OD DFFLyQ GH
GHVSOD]DUVHSRUHOHQWRUQR/RVDJHQWHVVHGHVSOD]DQSRUHO
HQWRUQR GHVFULELHQGR GLIHUHQWHV WUD\HFWRULDV HVSDFLDOHV $
FDGD HVSHFLH GH DJHQWH VH OH SXHGH DVLJQDU XQ WLSR GH
PRYLPLHQWR FDUDFWHUtVWLFR (O PRYLPLHQWR EURZQLDQR




























SXHGDQ PRGLILFDU VX HQWRUQR \ TXH ORV GHPiV DJHQWHV










UHVSHFWRDXQ LQFUHPHQWRGH WLHPSR(QHO60$WRGRV ORV




,QLFLDOPHQWH HV QHFHVDULR WUDQVIRUPDU XQD HFXDFLyQ




(Q OD HFXDFLyQ  VH SUHVHQWD XQD DSUR[LPDFLyQ SRU
GLIHUHQFLDV ILQLWDV GH XQ FRQMXQWR GH µQ¶ HFXDFLRQHV
GLIHUHQFLDOHV RUGLQDULDV TXH GHILQHQ FRUUHFWDPHQWH HO
FRPSRUWDPLHQWRGHXQVLVWHPDFXDOTXLHUD









EDVDGDV HQ HVTXHPDV GH LQWHJUDFLyQ GH HFXDFLRQHV
GLIHUHQFLDOHV WDOHV FRPR 5XQJH.XWWD $ SHVDU GH HVWR
~OWLPR ORV DXWRUHV QR KDQ DSUHFLDGR GLIHUHQFLDV









FRQ XQD GHWHUPLQDGD GLVWULEXFLyQ SDUD UHDOL]DU XQD
SUHYLVLyQHVWLPDFLyQRDQiOLVLV)LVKPDQ

(O JHQHUDGRU GH Q~PHURV DOHDWRULRV TXH VH XWLOL]D SDUD
VLPXODU HO 60$ SURSXHVWR SRU ORV DXWRUHV GHYXHOYH
Q~PHURV SVHXGR DOHDWRULRV FRQ XQD GLVWULEXFLyQ XQLIRUPH
Probabilidades de transición
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HQ HO LQWHUYDOR > @ +DFLHQGR XVR GH HVWH JHQHUDGRU VH
ORJUD FUHDU ORV HYHQWRV FRQ ODV SUREDELOLGDGHV TXH
FRUUHVSRQGHQDFDGDDJHQWHHQXQLQVWDQWHGDGR

(Q ODV VHFFLRQHV VLJXLHQWHV VHDQDOL]DHOPRGHORPXOWL




6L µ¦L[« [Q W  ¶ QLQJ~Q DJHQWH VH UHSURGXFH HQ
HVH LQVWDQWH GH WLHPSR µW¶ 3RU WDQWR ORV ~QLFRV HYHQWRV
SRVLEOHV VRQ OD VXSHUYLYHQFLD R OD PXHUWH GH XQ DJHQWH
PHGLDQWHODPiTXLQDGHHVWDGRVµ9LYLU0RULU¶

/DV SUREDELOLGDGHV GH WUDQVLFLyQ GH OD PiTXLQD GH
HVWDGRV µ9LYLU0RULU¶ VRQ GHILQLGDV FRPR XQ SURFHVR
ELQRPLDO GDGR TXH ORV DJHQWHV SXHGHQ HVWDU HQ HO HVWDGR
µ9LYR¶ R SXHGHQ SDVDU DO HVWDGR DEVRUEHQWH µ0XHUWR¶ FRQ
XQDSUREDELOLGDGGDGD

( ) ( )   L L L0 [ 0LL L P L P
L
[* 0 3 30
−§ ·
= ⋅ ⋅ −¨ ¸© ¹

SDUD QL = GRQGH
• µ0L¶HVHOQ~PHURGHDJHQWHVGHODHVSHFLHµL¶TXHPXHUHQ
HQHOVLJXLHQWHLQVWDQWHGHWLHPSR
• µ[L¶HVHOQ~PHUR WRWDOGHDJHQWHVGH ODHVSHFLH µL¶HQXQ
LQVWDQWHGHWLHPSRµW¶






VLJXLHQWH LQVWDQWH GH WLHPSR VLJXH XQD GLVWULEXFLyQ
ELQRPLDO /D HVSHUDQ]DPDWHPiWLFD R YDORU HVSHUDGR µ0L¶
HV

( )  SDUD  L L L P( 0 [ 3 L Q= ⋅ = 

/D HVSHUDQ]D PDWHPiWLFD R YDORU HVSHUDGR GH µ0L¶ HV
LJXDODOYDORUPHGLRGHOQ~PHURGHDJHQWHVGHODHVSHFLHµL¶
TXH PXHUHQ HQWUH ORV LQVWDQWHV µW¶ \ µWǻW¶ \ D OD YH] HV




( ) ( )     
SDUD  
L L P L L Q[ 3 ( 0 I [ [ [ W W
L Q





































¶SRUTXH ODVSUREDELOLGDGHVµ3LP¶ \ µ3LY¶ VHDSOLFDQD ORV





6L µ¦L[« [Q W ! ¶ QLQJ~Q DJHQWH PXHUH HQ HVH
LQVWDQWH GH WLHPSR µW¶ 3RU WDQWR ORV ~QLFRV HYHQWRV
SRVLEOHV VRQ OD VXSHUYLYHQFLD R OD UHSURGXFFLyQ GH XQ
DJHQWH PHGLDQWH OD PiTXLQD GH HVWDGRV µ5HSURGXFLU
$ERUWDU¶

/DV SUREDELOLGDGHV GH WUDQVLFLyQ GH OD PiTXLQD GH
HVWDGRV µ5HSURGXFLU$ERUWDU¶ VRQGHILQLGDV WDPELpQ FRPR
XQSURFHVRELQRPLDOSRUTXHORVDJHQWHVSXHGHQHVWDUHQHO
HVWDGR µ5HSURGXFH¶ R HQ HO HVWDGR µ$ERUWR¶ FRQ XQD
SUREDELOLGDGGHWUDQVLFLyQ

( ) ( )  L L L5 [ 5LL U U
L
[* 5 3 35
−
§ ·
= ⋅ ⋅ −¨ ¸© ¹
 
SDUD QL = GRQGH
• µ5L¶HVHOQ~PHURGHDJHQWHVGHODHVSHFLHµL¶TXHQDFHQHQ
HOVLJXLHQWHLQVWDQWHGHWLHPSR




• µ*5L¶ HV OD SUREDELOLGDG GH TXH µ5L¶ DJHQWHV VH
UHSURGX]FDQHQHVHLQVWDQWHGHWLHPSR

(O YDORUPHGLRGHO Q~PHURGH DJHQWHV TXHQDFHQ HQ HO




( )   SDUD  L L L U( 5 [ 3 L Q= ⋅ = 

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/D HVSHUDQ]D PDWHPiWLFD R YDORU HVSHUDGR GH µ5L¶ HV
LJXDODOYDORUPHGLRGHOQ~PHURGHDJHQWHVGHODHVSHFLHµL¶




( )     
SDUD  








































DJHQWHV GH OD HVSHFLH µL¶ \ QR HV SRVLEOH XWLOL]DU HVWDV














FRPSRUWDPLHQWR DOHDWRULR DVLJQDQGR GLVWULEXFLRQHV GH
SUREDELOLGDGDORVSDUiPHWURVµ3LP¶\µ3LU¶DMXVWiQGRVHDOD




6H KD XWLOL]DGR XQ VLVWHPD GH ('2 TXH PRGHOD OD
/HXFHPLD 0LHORLGH &UyQLFD /0& SDUD VHU FRPSDUDGR
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6LHQGR
• µW¶UHSUHVHQWDHOWLHPSRPHGLGRHQGtDV
• µ7Q¶ UHSUHVHQWD HO Q~PHUR GH µFpOXODV 7 QDLYH¶ QDLYH 7
FHOOVSRUPLFUROLWURȝO
• µ7H¶ UHSUHVHQWD HO Q~PHUR GH µFpOXODV 7 DFWLYDGDV
HVSHFtILFDPHQWHSDUDOD/0&¶SRUȝO






/DV SUREDELOLGDGHV GH WUDQVLFLyQ GH ODV PiTXLQDV GH
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   D Q H U Q H3 7 7 & 3 7 7 &= − 

/DV SUREDELOLGDGHV GH WUDQVLFLyQ GH OD PiTXLQD GH
HVWDGRV µ5HSURGXFLU$ERUWDU¶GH ODHVSHFLHGHFpOXODV µ7H¶
VRQ
Modelo de LMC mediante SMA
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/DV SUREDELOLGDGHV GH WUDQVLFLyQ GH OD PiTXLQD GH
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0iTXLQDGHHVWDGRVµ9LYLU0RULU¶
/DV SUREDELOLGDGHV GH WUDQVLFLyQ GH OD PiTXLQD GH
HVWDGRVµ9LYLU0RULU¶GHODHVSHFLHGHFpOXODVµ7Q¶VRQ
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HVWDGRVµ9LYLU0RULU¶GHODHVSHFLHGHFpOXODVµ7H¶VRQ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
6LPXODFLyQ
/D VLPXODFLyQ GHO VLVWHPD GH ('2 \ GHO 60$ HV















µNQ¶ 'LIHUHQFLDFLyQGHµ7Q¶  GtDV− 
µȘ¶ 0LFKDHOLV0HQWHQ  FHOXODVOμ

µĮQ¶ 3UROLIHUDFLyQµ7H¶  



















/DV VLJXLHQWHV FRQGLFLRQHV LQLFLDOHV VRQ XVDGDV SDUD OD
VLPXODFLyQGHORVGRVPRGHORV60$\VLVWHPDGH('2V
 QDLYHV Q FpOXODV 77 Oμ• = 
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      H FpOXODV 7 DFWLYDGDV HVSHFLILFDPHQWH SDUD OD /0&7 Oμ• =

    FpOXODV FDQFHUtJHQDV GH /0&& Oμ• =


(O PRYLPLHQWR EURZQLDQR VH HOLJH SDUD HO
GHVSOD]DPLHQWRGHORVDJHQWHVSRUHOHQWRUQRSRUTXHHVXQ
PRGHOR ELROyJLFR GH XQD SREODFLyQ GH FpOXODV TXH
LQWHUDFW~DQ GHQWUR GH XQ IOXLGR VDQJXtQHR (Q HVWD
DSOLFDFLyQ VL ELHQ VHKDQ LQWURGXFLGR DJHQWHVPyYLOHV QR
VH KD FRQWHPSODGR ORV YDORUHV TXH FDGD DJHQWH SXHGH
REWHQHUDQLYHOORFDO3RUWDQWRODVSUREDELOLGDGHVGHPXHUWH
R UHSURGXFFLyQ GH ODV FpOXODV GH OD PLVPD HVSHFLH HQ XQ
GHWHUPLQDGR LQVWDQWH YDQ D VHU ODV PLVPDV











$O PRGHODU HO Q~PHUR GH µFpOXODV 7 DFWLYDGDV
HVSHFtILFDPHQWH SDUD OD /0&¶ HO 60$ \ HO PRGHOR GH
('2 VH FRPSRUWDQ GH IRUPD GLVWLQWD FRPR SXHGH
REVHUYDUVH HQ OD ILJXUD  6H PXHVWUD TXH HO LQWHUYDOR GH
































































































(O 60$ GHILQH FODUDPHQWH HO LQVWDQWH HQ HO TXH ODV
µFpOXODV 7 DFWLYDGDV HVSHFtILFDPHQWH SDUD OD /0&¶ VH
H[WLQJXHQ (Q HVWD VLPXODFLyQ HO LQVWDQWH HQ HO TXH VH
H[WLQJXHQ HVWi HQ WRUQR D ORV  GtDV FRPR SXHGH
DSUHFLDUVHHQODILJXUD

$O PRGHODU HO Q~PHUR GH µFpOXODV FDQFHUtJHQDV GH
/0&¶ HO PRGHOR GH ('2 \ 60$ QR VH FRPSRUWDQ GH OD
PLVPD IRUPD DXQTXH ORV GRV PRGHORV WLHQGHQ KDFLD HO
PLVPR SXQWR GH HTXLOLEULR WDO \ FRPR VH REVHUYD HQ OD
ILJXUD

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(OGLIHUHQWH FRPSRUWDPLHQWR GH ORVPRGHORV VH H[SOLFD
SRUTXHHQHO60$ODVµFpOXODV7DFWLYDGDVHVSHFtILFDPHQWH






(V LQWHUHVDQWH SRGHU GHGXFLU XQ LQWHUYDOR GH WLHPSR




(Q HO DSDUWDGR  VH H[SOLFD XQ PpWRGR SDUD SRGHU
LGHQWLILFDUHOLQVWDQWHGHWLHPSRµ=L¶DSDUWLUGHXQFRQMXQWR
GH VLPXODFLRQHV GHO PRGHOR 60$ (Q HO DSDUWDGR  VH
H[SOLFDFyPRVHSXHGHREWHQHUHO WLHPSRGHH[WLQFLyQ µ=L¶
FRQ XQD SUREDELOLGDGGDGD D SDUWLU GH XQD GLVWULEXFLyQ GH




3ULPHUR HQ FDGD XQD GH ODV µP¶ VLPXODFLRQHV GHO
SURFHVRVHUHFRJHHOSULPHULQVWDQWHGHWLHPSRHQHOFXDOHO
Q~PHUR GH DJHQWHV GH OD HVSHFLH µL¶ HV LJXDO D FHUR 6H
REWLHQH GH HVWD PDQHUD XQ YHFWRU GH WLHPSRV µ%L¶ DO
UHDOL]DUVHODVµP¶VLPXODFLRQHV








PD[  PLQ 
SDUD  












GH ORV LQWHUYDORV GH WLHPSR GLVFUHWL]DGRV REWHQLHQGR HO
GLDJUDPDGHODILJXUD

&XDUWR VH DMXVWD XQD GLVWULEXFLyQ :HLEXOO FRQ HVWRV
WLHPSRV GH H[WLQFLyQ REWHQLGRV HQ ODV VLPXODFLRQHV
UHDOL]DGDVSDUDSRGHUGHWHUPLQDUHOWLHPSRGHH[WLQFLyQGH
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6H UHDOL]D XQD DSUR[LPDFLyQ GHO KLVWRJUDPD GH
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Probabilidad de extinción
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Distribución acumulada de Weibull
Aproximación por minimos cuadrados
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&RQVLGHUDQGR XQD SUREDELOLGDG GH  \ VXVWLWX\HQGR
ORV YDORUHV GH µĮ ¶ \ µȕ ¶ FDOFXODGRV FRQ







(Q HVWH WUDEDMR VH PXHVWUD OD PHWRGRORJtD SDUD
WUDQVIRUPDUXQVLVWHPDGH('2HQXQ60$HTXLYDOHQWH\
ODVYHQWDMDVGHPRGHODU VLVWHPDVELROyJLFRV FRQXQ VLVWHPD
EDVDGR HQ DJHQWHV /D SULPHUD YHQWDMD FRQVLVWH HQ TXH HO
PRGHOR 60$ FRQ XQ PLVPR HVWDGR LQLFLDO \ XQRV
SDUiPHWURV LGpQWLFRVQRSURSRUFLRQDHQFDGD UHDOL]DFLyQy
VLPXODFLyQ OD PLVPD VROXFLyQ (VWH FRPSRUWDPLHQWR
DOHDWRULRSHUPLWHFRPSUHQGHUPHMRUFyPRHVSRVLEOHTXHHQ
VLWXDFLRQHVHTXLYDOHQWHVHOFRPSRUWDPLHQWRGHXQSDFLHQWH
GLILHUD IXHUWHPHQWHGH ODGHRWUR(Q ORVPRGHORV('2 OD
VROXFLyQTXH VHREWLHQHDQWHXQPLVPRHVWDGR LQLFLDO\XQ
PLVPR FRQMXQWR GH YDORUHV SDUD ORV SDUiPHWURV HV ~QLFD
(VWR KDFH TXH XQD VLWXDFLyQ FRQFUHWD VRODPHQWH SXHGD
GHVDUUROODUVHGHXQ~QLFRPRGR(VSRVLEOHTXHXQPRGHOR
('2 SUHVHQWH FRPSRUWDPLHQWRV PX\ GLIHUHQWHV FRQ
FRQGLFLRQHVLQLFLDOHVPX\VLPXODUHVTXHSHUPLWDQH[SOLFDU
SRU TXH SDFLHQWHV FRQ VLWXDFLRQHV HTXLYDOHQWHV WLHQHQ XQ
GHVDUUROORGHODHQIHUPHGDGGLIHUHQWH(VWDVFDUDFWHUtVWLFDV
VRQ SURSLDV GH VLVWHPDV FDyWLFRV R GH HFXDFLRQHV FRQ
VHQVLELOLGDG D ODV FRQGLFLRQHV LQLFLDOHV SHUR HO PRGHOR
WUDWDGRQRSUHVHQWDGLFKDVFDUDFWHUtVWLFDV

/D VHJXQGD YHQWDMD VHJ~Q VH PXHVWUD HQ HVWH WUDEDMR
FRQVLVWH HQ TXH HO 60$ PRGHOD SREODFLRQHV R
HQIHUPHGDGHVHSLGHPLROyJLFDVGHXQPRGRPiVUHDOLVWD\D
TXHFDGDYDULDEOHGHOVLVWHPDGH('2HTXLYDOHDOQ~PHUR
HQWHUR GH DJHQWHV GH HVD HVSHFLH'H HVWD IRUPD HO 60$
PRGHOD ODV YDULDEOHV GH XQ PRGR GLVFUHWR \ GHQWUR GHO
UDQJR GH ORV Q~PHURV SRVLWLYRV (VWD FXHVWLyQ TXH SXHGH
SDUHFHU D SULPHUD YLVWD LUUHOHYDQWH VH PXHVWUD
HVSHFLDOPHQWH LPSRUWDQWH FXDQGR VH GHVHD GHWHUPLQDU OD




/D WHUFHUD YHQWDMD FRQVLVWH HQ TXH D SHVDU GH TXH HO
SUREOHPDSURSXHVWRQRVHKDFRQWHPSODGROD LQIOXHQFLDGH
ODGLVWULEXFLyQHVSDFLDOGHORVDJHQWHVSRUVLPSOLFLGDGHQOD
H[SRVLFLyQ GHO PRGHOR UHVXOWD VHQFLOOR JHQHUDOL]DU HO
PRGHORSDUDTXHFRQWHPSOHHOPRYLPLHQWRGH ORVDJHQWHV
(Q QXHVWUR FDVR HO 60$ PRGHOD SRU PHGLR GH XQD OH\





OD SUREDELOLGDG GH FDGD SRVLEOH VROXFLyQ \ GDU OD
SUREDELOLGDGGH XQ HYHQWR FRQFUHWR \D TXH VH GLVSRQHGH
ODV SUREDELOLGDGHV GH WUDQVLFLyQ HQ FDGD LQVWDQWH (VWD
SURSLHGDG HV HVSHFLDOPHQWH LPSRUWDQWH FXDQGR VH TXLHUH
FRQRFHU OD SUREDELOLGDG GH HOLPLQDFLyQ FRPSOHWD GH ODV
FpOXODVGHXQWXPRUHQFRQFUHWRHQWUDWDPLHQWRVGHFiQFHU
(Q HO PRGHOR SODQWHDGR VH PXHVWUD FyPR HV SRVLEOH
SODQWHDUGH IRUPDQDWXUDO OD H[WLQFLyQGH XQDGHWHUPLQDGD
SREODFLyQ GH DJHQWHV OR TXH SHUPLWH GHILQLU HQ WpUPLQRV
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$EVWUDFW

,Q WKH SUHVHQW ZRUN D PHWKRGRORJ\ LV H[SRVHG WR PRGHO
XVLQJ D 0XOWL$JHQW 6\VWHP 0$6 ELRORJLFDO DQG
SK\VLRORJLFDO G\QDPLF V\VWHPV ZLWK GLVFUHWH TXDQWLILHG




XVLQJ D VFKHPD EDVHG RQ 0RQWH &DUOR PHWKRG $ SUDFWLFDO













RI 6\VWHPV $Q LQWURGXFWLRQ WR RUGLQDU\ GLIIHUHQWLDO HTXDWLRQV
6SULQJHU1HZ<RUNSS
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 $ +\EULG $JHQW %DVHG DQG 'LIIHUHQWLDO
(TXDWLRQ0RGHORI%RG\6L]H(IIHFWVRQ3DWKRJHQ5HSOLFDWLRQDQG
,PPXQH 6\VWHP 5HVSRQVH /HFWXUH 1RWHV LQ &RPSXWHU 6FLHQFH
SS
%DVVH % 8EH]LR 3  $ *HQHUDOLVHG $JH DQG 3KDVH6WUXFWXUHG
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
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